From a comparative biochemical standpoint, it is important to know if plants in general possess subcell particles which, like animal mitochondria, catalyze the reactions of the tricarboxylic acid (TCA) cycle. An understanding of such pathways of carbohydrate metabolism in plants is a prerequisite to a high degree of prediction and control of plant development.
A number of workers have obtained subcell fractions, from plants, which were able to catalyze the reactions of the TCA cycle. Millerd et al (14) obtained enzyme particles from etiolated mung bean seedlings, Phaseolus aureus, and from avocado fruit (15) , Persea americana. Davies (6) obtained active particles from etiolated pea seedlings, Pisum sativum; Laties (12') reported similar results for particles from cauliflower buds, Brassica oleracea; and Ohmura (16) found TCA cycle activity in particles from green spinach leaves, Spinacia oleracea. Brummond and Burris (4) traced the TCA cycle reactions taking place in particulate fractions from lupine tissue, Lupinus albus. Conn and Young (5) also prepared active particles from etiolated lupine cotyledons. All of the workers mentioned above used sand with a mortar and pestle, as did Kennedy and Lehninger (10) , to comminute the tissues being studied. Beaudreau and Remmert (3), using a blendor for homogenization of their plant material, obtained active particles from Black Valentine beans, Phaseolus vulgaris. This blendor method was reported to be superior in some respects as a routine method for the isolation of certain subcell particles from plants.
The work described in this paper was an attempt to show that subcell particles, possessing the entire component of TCA cycle enzymes, could be isolated from a number of plant species by using the blendor method. The rates of 02 uptake per unit of nitrogen as well as the percentages of oxidation of added substrates were determined. 1 Received December 13, 1955. 2 Technical paper no. 945, Oregon Agricultural Experiment Station. 3 Presented in partial fulfillment of the requirements for the Ph.D. degree at Oregon State College. 4 Present address: Department of Plant Biochemistry, University of California, Riverside, California.
MATERIALS AND METHODS SELECTION AND PREPARATION OF PLANT MIATERIAL:
Corn (Zea Mays), morning glory (Convolvulus), and mung bean (Phaseolus aureus) seeds were treated for ten minutes with a 0.5 % solution of sodium hypochlorite. They were then washed, planted in moist vermiculite, and grown in the dark in a constant temperature chamber (270 C). The corn and mung bean seedlings were harvested after ten days. The morning glory seedlings were used when they were between 2 and 3 inches in length. After removal of the cotyledons, the remaining aerial portions of the plants were washed and used in each case.
New growth Douglas fir (Pseudotsuga menziesii) needles were removed from healthy trees in the field not more than three hours previous to their use. The needles were washed with water and then ground and blended.
Young green poppy plants (Eschscholzia californica) were harvested and washed, and the leaves and terminal meristems were used directly.
Cabbage (Brassica oleracea), spinach (Spinacia oleracea), onion (Allium), and lettuce (Lactuca sativa) were purchased from a local wholesale market. These plant materials, onion excepted, were harvested not more than two weeks prior to their use. Cabbage and lettuce preparations were generally made from their respective heads, but in some instances only the outer green leaves were used. The spinach preparations were obtained from leaves only; the onion preparation, from white bulbs.
The fern (Pteris tremula and Azolla filiculoides) and peppermint (Mentha piperita) plants were grown in the greenhouse in the light. The same group of fern and of peppermint plants was used for all of the preparations involving each species. Only newly formed leaves were used in both cases, the fern pinnae being stripped from the rachises and used without washing. A number of preparations were made from green leaves of mature calla lily and morning glory plants. The preparations from calla lily leaves were inactive, and those from morning glory leaves had only slight activity. The homogenates from the green leaves of these two species were highly viscous, and the high viscosity was probably caused by the presence of large amounts of polysaccharide-like materials. It was observed also that the chloroplast fraction sedimented at much higher speeds in these viscous homogenates than was the case in suspensions of lower viscosity. Therefore, it is highly possible that the low activities observed with these lily and morning glory preparations were caused by failure of mitochondria to sediment from the highly viscous homogenates obtained.
Rather long incubation periods were used in all of the 02 uptake experiments reported in table II, the stability of the subcell particles from many of the species being surprisingly good. The long incubation periods were required to obtain the high percentage oxidation of substrates desired in these experiments. Higher rates can be obtained and shorter incubation times can be permitted by using larger amounts of plant particulate material in the Warburg flasks. This was not practiced, however, because of the limited centrifuge capacity and the number of substrates and other variables that needed to be compared within a given experiment.
Beaudreau and Remmert (3) It is reasonable to speculate that the endogenous 02 uptake might arise from the metabolism of hexoses or sucrose or from lipoxidase activity (7), either by enzymes in the subcell particles or by soluble enzymes contaminating the preparations. With reference to the hexoses, it was observed that when photosynthesizing tissues were used a large amount of starch invariably sedimented during the low speed centrifugation. While this low speed fraction was discarded, it is possible that small starch granules remained in the supernatant fluid to be sedimented with the active particles. If such were the case, the starch might be slowlv converted to hexoses or hexose phosphates, and these might be metabolized by way of certain pentose conversions (1) It is commonly estimated that less than one percent of the water which passes into a plant is utilized chemically in photosynthesis (17) . Because of the small proportion of the water absorbed which is used directly in photosynthesis, it is generally considered that internal water deficits in the plant affect the rate of photosynthesis primarily in indirect ways. Their usually retarding effects on this process have been attributed mostly either to stomatal closure and to reduced hydration of the protoplasm in chlorenchymatous cells, or to a combination of these two effects.
The effect of moisture deficits in plants on the rate of photosynthesis has been investigated by many workers and the early work is thoroughly reviewed by .Miller (18) . Thoday (22) reported that turgid leaves of Helianthus annuus L. carried on photosynthesis ten times more rapidly than wilted leaves. Iljin (13) found that when the water content of the leaves of Bidens tripartita L. was reduced 43 to 44 %, the rate of photosynthesis decreased from 53 to 78 %; and in the leaves of Phlomis pungens Willd., a water loss of 34 % caused a reduction of 13 an increasing soil moisture stress and reported that before wilting of the leaves was evident, the rate of photosynthesis was reduced 55 %. When the plants showed definite wilting, there was an 87 % reduction in the rate of photosynthesis. When water was applied to the soil, in which the wilted plants were growing, the leaves usually attained turgidity within 3 to 5 hours. The rate of photosynthesis, however, did not regain its original magnitude until 2 to 7 days after watering. In general, workers have found that any considerable fluctuation in leaf moisture is almost immediately reflected in the rate of photosynthesis. Greater than an approximately 30 % reduction in the water of leaves usually results in a decrease in the rate of photosynthesis; the greater the reduction in leaf moisture, the greater the reduction in the rate of photosynthesis. When the leaf moisture is decreased to approximately 60 % of its maximum value, the rate of photosynthesis is near zero.
Kozlowski (14) using seedlings of loblolly pine (Pinus taeda L.) and white oak (Quercus alba L.) reported that as the soil moisture decreased the rate of photosynthesis of pine decreased more rapidly than that of oak. At high light intensities there was no reduction in the rate of photosynthesis over a considerable range of soil moisture for oak.
Bordeau (3) reported that with sweetgum (Liquidambar Styraciflua L.) the rate of photosynthesis declined slowly at first and then rapidly as the soil moisture decreased.
Borman's (2) data indicates that with northern red oak (Quercus borealis Michx. f.) and blackjack oak (Quercus marilandica Muenchh.) seedlings the rate of photosynthesis decreased at a much more uniform rate as the availability of the soil moisture decreased.
Loustalot (16) studied photosynthesis of single leaves of pecan (Carya illinoenis K. Koch; syn., C. Pecan) trees under an increasing soil moisture stress and reported that either deficient or excessive (flooding) amounts of soil moisture resulted in sub-normal rates of photosynthesis and transpiration. The degree of depression of the rates depended upon the severity
